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(57) ABSTRACT

Methods are provided for fabricating semiconductor inte-
grated circuits including isolated trench features. In one
embodiment, a method includes providing a semiconductor
substrate with an overlying process layer. A trench pattern to
be etched into the process layer is determined and that trench
pattern is decomposed into first and second patterns, the
second pattern including an isolated trench. First and second
lithographic masks are formed to implement the first and
second patterns, the second mask implementing the second
pattern, the isolated trench, and a plurality of density balancer
patterns symmetrically positioned with respect to the isolated
trench. A first resist layer is patterned with the first litho-
graphic mask and the process layer is etched with the first
resist layer. A second resist layer is patterned with the second
lithographic mask and the process layer is etched with the
second resist layer to implement the required trench pattern in
the process layer.

17 Claims, 3 Drawing Sheets

20 38 40 46
e N e /\k’ﬂ
2% 2% 44 1
—_ _|_ —
22 22 42 42
24 24 2 24 %




US 9,171,735 B2

Sheet 1 of 3

Oct. 27, 2015

U.S. Patent

.

\

0¢

28~

g A

{

| "OId

9¢~

I’\

8¢

~CC

9¢~

AN

~CC




US 9,171,735 B2

Sheet 2 of 3

Oct. 27, 2015

U.S. Patent

(45

[ &

\ &

14

~CY

8¢ ‘9l

(4%

[ &

\ &

oy

9¢~

8¢

~CC

tTAd

N

~CC




US 9,171,735 B2

Sheet 3 of 3

Oct. 27, 2015

U.S. Patent

¥ 'Old
997~ vNNVT \.#mw vee 9~ N¢NN\NWN H\hqu
\\\ \\ vvm/nm A M\N,&“ i m.m ///_ mmNN/ A4-2TC
N \\\ NN NERN RN —
| [
gm\\ \\/s& 17 | /_J
. V V VI .V.VN_I. l—a ._N.VN .
~ —~— — N ™~ ~—— M
ot¢ ove 8¢ee 0Z¢
€ Ol
mN_‘/_#NPVl 22 = Avwvﬂ mw__‘ﬂ/ _J\_#N_‘_\N_N_‘ ﬂ\#w_‘
|
= N\ + RN R
INO ! “ /“
/] NINENEENREEN: /]
~ T~ - N ~ T~ - ~ T~ ~
ofl ovl 8¢l 0cl




US 9,171,735 B2

1
METHOD FOR FABRICATING A
SEMICONDUCTOR INTEGRATED CIRCUIT
WITH A LITHO-ETCH, LITHO-ETCH
PROCESS FOR ETCHING TRENCHES

TECHNICAL FIELD

The present disclosure generally relates to methods for
fabricating semiconductor integrated circuits, and more par-
ticularly relates to methods for fabricating semiconductor
integrated circuits with a litho-etch, litho-etch process for
etching trenches.

BACKGROUND

Semiconductor integrated circuits (ICs) are fabricated with
a large number of interconnected components such as tran-
sistors and the like. As ICs become larger and more complex
there is a continuing trend toward reducing the feature size of
the components. As the minimum feature size, that is the
minimum width of a line or space, continues to decrease, it
becomes more and more difficult to reliably produce the ICs
with an acceptably high yield.

ICs are fabricated by sequentially patterning layers of insu-
lators, semiconductor materials, conductors and the like. The
patterning is accomplished by lithographic and etch pro-
cesses that reproduce a mask image on the layer to be pat-
terned. As the feature size has decreased with each succeed-
ing generation of ICs, the lithography processes have
implemented changes to reliably reproduce the smaller fea-
tures. At a feature size of about 40 nanometers (nm) or less,
however, the present techniques have reached a point at which
certain features, especially isolated trenches, cannot be reli-
ably resolved with state-of-the-art processes.

Accordingly, it is desirable to provide methods for fabri-
cating integrated circuits using optical lithography tech-
niques. In addition, it is desirable to provide methods for
fabricating integrated circuits using a litho-etch, litho-etch
technique for etching trenches as part of the integrated circuit.
Furthermore, other desirable features and characteristics of
the present disclosure will become apparent from the subse-
quent detailed description and the appended claims, taken in
conjunction with the accompanying drawings and the fore-
going technical field and background.

BRIEF SUMMARY

Methods are provided for fabricating semiconductor inte-
grated circuits including isolated trench features. In one
embodiment, a method includes providing a semiconductor
substrate with an overlying process layer. A trench pattern to
be etched into the process layer is determined and that trench
pattern is decomposed into first and second patterns, the
second pattern including an isolated trench. First and second
lithographic masks are formed to implement the first and
second patterns, the second mask implementing the second
pattern, the isolated trench, and a plurality of density balancer
patterns symmetrically positioned with respect to the isolated
trench. A first resist layer is patterned with the first litho-
graphic mask and the process layer is etched using the first
patterned resist layer as an etch mask. A second resist layer is
patterned with the second lithographic mask and the process
layer is etched using the second patterned resist layer as an
etch mask to implement the required trench pattern in the
process layer.

In accordance with a further method, an integrated circuit
is fabricated by providing a semiconductor substrate with an
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overlying process layer and determining a trench pattern to be
etched into the process layer, the trench pattern including an
isolated trench. A lithographic mask is formed that imple-
ments the trench pattern and that further includes first and
second density balancer patterns symmetrically positioned
with respect to the isolated trench. A resist layer is applied
overlying the process layer and is patterned with the litho-
graphic mask. The process layer is etched using the patterned
resist layer as an etch mask.

In accordance with yet another embodiment, an integrated
circuit is fabricated by providing a process layer overlying a
semiconductor substrate and determining a trench pattern to
be etched into the process layer as required for the semicon-
ductor integrated circuit being fabricated. The trench pattern
is decomposed into a first pattern of lithographically printable
features and a second pattern of lithographically unprintable
features including an isolated trench. The lithographically
unprintable features are converted to lithographically print-
able features by adding density balancer patterns to the sec-
ond pattern in spaced apart symmetric relationship to the
isolated trench to form a converted second pattern. The first
pattern and the converted second pattern are etched into the
process layer.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure will hereinafter be described in
conjunction with the following drawing figures, wherein like
numerals denote like elements, and wherein:

FIG. 1 schematically illustrates a problem in the fabrica-
tion of semiconductor integrated circuits (ICs) that is solved
by the methods provided herein; and

FIGS. 2A-4 schematically illustrate methods, in accor-
dance with various embodiments, to overcome the shortcom-
ings of the prior art processes, as described above, in the
fabrication of semiconductor integrated circuits.

DETAILED DESCRIPTION

The following detailed description is merely exemplary in
nature and is not intended to limit the disclosure or the appli-
cationand uses of the disclosed processes. Furthermore, there
is no intention to be bound by any expressed or implied theory
presented in the preceding technical field, background, brief
summary or the following detailed description. Various steps
in the design and composition of integrated circuits are well
known and so, in the interest of brevity, many conventional
steps will only be mentioned briefly herein or will be omitted
entirely without providing the well-known process details.
Further, it is noted that integrated circuits include a varying
number of components and that single components or fea-
tures shown in the illustrations may be representative of mul-
tiple components.

Those of skill in the art will understand that the fabrication
of'an IC requires the patterning of a large number of sequen-
tially grown or deposited layers of insulators, metals, semi-
conductor material, and the like, hereinafter referred to
generically as a process layer. A process layer is patterned by
applying a photosensitive layer (photoresist) overlying the
process layer that is to be etched. The photoresist is selec-
tively exposed by radiation that passes through a mask or
reticle that contains the pattern that is to be replicated on the
process layer. The mask is a transparent plate and the pattern
on the mask is implemented with an opaque material such as
a layer of chrome. The radiation that passes through the
transparent portions of the mask impinges on the photoresist
and cause a chemical/physical change in the photoresist
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material. A developer is applied to the exposed photoresist
layer and, in conventional technology, either the exposed
areas (positive tone resist) or the unexposed areas (negative
tone resist) are removed, leaving a layer of patterned resist
material on the process layer. The layer of patterned resist
material is then used as an etch mask to etch the desired
pattern into the underlying process layer. This simplified
explanation ignores the well-known adhesion material layers,
antireflection layers, hard mask layers, and the like that are
often used.

FIG. 1 schematically illustrates a problem in the fabrica-
tion of semiconductor integrated circuits (ICs) that is solved
by the methods provided herein. Pattern 20 on the left of the
FIGURE represents a pattern that is to be etched into a pro-
cess layer. Pattern 20, in this illustration, includes three
trenches 22, 24, and 26. If the feature size and/or feature pitch
are too small, it is not possible to directly replicate this pattern
reliably in the process layer. For example, if each of the
trenches has a width of 32 nm and the pitch is 64 nm (32 nm
line/space), it may be difficult to reliably reproduce the
desired pattern 20. In such cases, one approach to achieving
pattern 20 has been to use a double patterning technique. In
one such double patterning technique, pattern 20 is decom-
posed into two patterns represented in FIG. 1 by patterns 28
and 30. Pattern 28 includes two trenches 22 and 26 having a
pitch of 128 nm (32 nm line and 96 nm space). Pattern 30
includes a single isolated trench 24 having a width o' 32 nm.
Lithographic masks are generated that implement the two
patterns 28 and 30, respectively. In one double patterning
technique known as litho-etch, litho-etch (LELE) a first layer
of photoresist material is applied overlying the process layer,
exposed (in this example with the mask that implements
pattern 28) and developed, and the resulting patterned layer of
photoresist is used as an etch mask to etch pattern 28 into the
underlying process layer. The first layer of photoresist mate-
rial is then removed and a second layer of photoresist material
is applied overlying the process layer. The second layer of
photoresist is exposed (in this example with the mask that
implements pattern 30) and developed, and the resulting pat-
terned layer of photoresist is used as an etch mask to etch
pattern 30 into the underlying process layer. The two etch
steps ideally achieve the desired pattern 20 etched into the
process layer. Unfortunately, even using the state-of-the-art
1931 photoresist scanner systems, isolated trenches such as
the isolated trench in pattern 30 cannot be eftectively and
reliably printed at trench widths below about 40 nm. Small
isolated trenches as indicted by arrows 32 cannot be printed
reliably due to poor image contrast and process window. At
such feature sizes, lithography techniques such as the use of
either sub-resolution assist features or printed resolution fea-
tures have been applied to print isolated resist lines, but such
techniques are not effective in printing isolated trenches.
Because of diffraction characteristics related to the mask
geometry, the printing of trenches is much more difficult than
printing lines. In conventional technology, the mask pattern
for etching an isolated line is an opaque line surrounded by a
clear field. In contrast, the mask pattern for etching an isolated
trench is a clear line surrounded by an opaque field. The
diffraction patterns associated with such a trench mask pat-
tern make it difficult to resolve the trench pattern with optical
lithography at small feature sizes.

FIGS. 2A-4 schematically illustrate methods, in accor-
dance with various embodiments, to overcome the shortcom-
ings of the prior art processes, as described above, in the
fabrication of semiconductor integrated circuits. FIGS. 2A
and 2B illustrate an embodiment in which a required pattern
of closely spaced trenches 20 is to be etched into a process
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layer. The trench pattern is a pattern that is determined in
accordance with the IC being implemented. In this exemplary
embodiment, the pattern is the same as pattern 20 described in
accordance with FIG. 1. Pattern 20 includes three trenches 22,
24, and 26, although problematic patterns could include any
odd numbers of trenches. Processing problems occur when
the trenches to be etched into an underlying process layer
have a width less than about 40 nm and/or a spacing of less
than about 40 nm so that the pitch is less than about 80 nm. In
such a case, with the three-trench pattern 20 illustrated, in
accordance with one embodiment, the pattern is decomposed
into two patterns 38 and 40. Pattern 38 includes two trenches
22 and 26, each having a width of less than about 40 nm and
a trench-to-trench spacing of greater than 40 nm. For
example, if the trench width and pitch of pattern 20 are 32 nm
and 64 nm, respectively, the trench width and pitch of pattern
38 are about 32 nm and 128 nm, respectively. Similarly, if the
trench width and pitch of pattern 20 are 40 nm and 80 nm,
respectively, the trench width and pitch of pattern 38 are about
40 nm and 160 nm, respectively.

A pattern such as pattern 38, having a plurality of trenches
with a trench-to-trench spacing greater than 40 nm, can be
reliably printed with state-of-the-art photolithographic
equipment.

Pattern 40 includes trench 24, but, in accordance with an
embodiment, also includes two density balancer patterns 42
and 44 symmetrically positioned on either side of trench 24.
Trench 24, by itself; is a lithographically unprintable feature
(with standard state-of-the-art lithographic technology such
as the 1931 technology) because it is narrow and isolated. The
use of symmetric density balancer patterns provides good
image contrast and improves lithographic print capability so
that trench 24, in combination with the density balancer pat-
terns, becomes a lithographically printable feature. The den-
sity balancer patterns 42 and 44 can be, for example, substan-
tially the same length and width as trench 24. The spacing
between trench 24 and density balancer patterns 42 and 44
can be about the same as the spacing between trenches 22 and
26 in pattern 38. Accordingly, trench 24 and density balancer
patterns 42, and 44 can have widths of about 40 nm or less and
a pitch of about 160 nm or less, but at least a spacing greater
than 40 nm. As an example, if the trench width and pitch of
pattern 20 are 32 nm and 64 nm, respectively, the width and
pitch of pattern 40 are about 32 nm and 128 nm, respectively.

After decomposing pattern 20 into two patterns 38 and 40,
two masks are generated. The first mask implements pattern
38 and the second mask implements pattern 40 including
isolated trench 24 and density balancer patterns 42 and 44
symmetrically positioned with respect to isolated trench 24. A
first photoresist layer is applied overlying the process layer
and is patterned using the first mask. The first photoresist
layer is exposed to radiation that passes through the first mask
and is developed to provide a patterned resist layer. The
patterned resist layer is used as an etch mask to etch the
underlying process layer to produce a trench pattern in the
process layer that replicates pattern 38. The first photoresist
layer is then removed and a second photoresist layer is
applied overlying the process layer. The second photoresist
layer is exposed to radiation that passes through the second
mask and is developed to provide a photoresist layer that is
patterned with pattern 40. The second patterned resist layer is
used as an etch mask to etch the underlying process layer to
produce a trench pattern in the process layer that replicates
pattern 40. Because of the presence of the density balancer
patterns 42 and 44, good image contrast is achieved and
isolated trench 24 is able to be printed reliably. The combi-
nation of the pattern etched using the first mask and the
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pattern etched using the second mask results in a pattern 46,
as illustrated at the right hand side of FIG. 2, etched into the
process layer. Pattern 46 includes the three trenches included
in pattern 20 in addition to the two density balancer patterns
42 and 44. The density balancer patterns are not electrically
connected to the IC and remain on the circuit as dummy
features in the same manner that dummy features are used, for
example, insure uniform chemical mechanical planarization
(CMP) across an integrated circuit chip.

FIGS. 3 and 4 schematically illustrate additional methods,
in accordance with alternative embodiments, for etching
trenches into a process layer during the fabrication of semi-
conductor integrated circuits that overcome the problems
associated with prior art processes. FIG. 3 illustrates a pattern
of trenches 120, determined to be required for the IC that is
being fabricated, that is to be etched into a process layer.
Pattern of trenches 120 includes three trenches 122, 124, and
126. Trench 124 is narrow and closely spaced with respect to
trenches 122 and 126. The width of trench 124 is less than or
equal to about 40 nm and the spacing between trench 124 and
trench 122 and/or 126 is less than or equal to about 40 nm.
Trenches 122 and 126 are wider than trench 124. Such a
pattern cannot be reliably printed with conventional litho-
graphic techniques. In accordance with one embodiment,
pattern 120 is decomposed into two patterns 138 and 140 and
a process of litho-etch, litho-etch, as described above, is
applied. Pattern 138 includes trenches 122 and 126 spaced
apart by a distance much greater than 40 nm. The width and
spacing of trenches 122 and 126 are such that pattern 138 is
lithographically printable; that is, the pattern can be reliably
etched into the underlying process layer using state-of-the-art
lithographic equipment.

Pattern 140 includes isolated trench 124 and, in accordance
with an embodiment, two density balancer patterns 142 and
144. Isolated trench 124, by itself; is lithographically unprint-
able using state-of-the-art lithographic technology. The den-
sity balance patterns are symmetrically positioned on either
side of trench 124. The spacing between trench 124 and either
142 or 144 is greater than 40 nm, and is conveniently chosen
to be the maximum spacing that allows balancer patterns 142
and 144 to overlap patterns 122 and 126. By overlapping
patterns 122 and 126 in this manner, no additional spacing is
needed in fabricating the IC. Such positioning of density
balancer patterns 142 and 144 (along with trench 124) is
indicated by the dashed patterns overlaying pattern 138. The
use of density balancer patterns provides good image contrast
and improves lithographic print capability and causes iso-
lated trench 124, with the addition of density balancer pat-
terns 142 and 144, to be lithographically printable. Density
balancer patterns 142 and 144 can be, for example, substan-
tially the same length and width as trench 124. After decom-
posing pattern 120 into two patterns 138 and 140, two masks
are generated. The first mask implements pattern 138 and the
second mask implements pattern 140 including isolated
trench 124 and density balancer patterns 142 and 144. The
two masks are employed in a litho-etch, litho-etch process as
described above to etch a trench pattern 146 in the process
layer. Trench pattern 146 includes trenches 122, 124, 126 as
required for the IC being fabricated.

FIG. 4 schematically illustrates a pattern of trenches 220,
determined to be required for the IC that is being fabricated,
that is to be etched into a process layer. Pattern of trenches 220
includes three trenches 222, 224, and 226. Trench 224 is
narrow and closely spaced with respect to trenches 222 and
226. The width of trench 224 is less than or equal to about 40
nm and the spacing between trench 224 and trench 222 and/or
226 is less than or equal to about 40 nm. Trenches 222 and 226
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are wider than trench 224, but not necessarily as wide as
trenches 122 and 126 illustrated in FIG. 3. Such a pattern
cannot be printed reliably with conventional lithographic
techniques. In accordance with one embodiment, pattern 220
is decomposed into two patterns 238 and 240 and a process of
litho-etch, litho-etch, as described above, is applied. Pattern
238 includes trenches 222 and 226 spaced apart by a distance
much greater than 40 nm. The spacing of trenches 222 and
226 is such that pattern 238 is lithographically printable and
can be reliably etched into the underlying process layer using
state-of-the-art lithographic equipment.

Pattern 240 includes isolated trench 224 and, in accordance
with an embodiment, two density balancer patterns 242 and
244. By itself, isolated trench 224 is not lithographically
printable with state-of-the-art lithographic technology. The
density balance patterns are symmetrically positioned on
either side of trench 224. The spacing between trench 224 and
either density balancer pattern 242 or density balancer pattern
244 is greater than 40 nm, and is conveniently chosen to be a
spacing that allows balancer patterns 242 and 244 to at least
partially overlap patterns 222 and 226. Such positioning of
density balancer patterns 242 and 244 (along with trench 224)
is indicated by the dashed patterns overlaying pattern 238.
The use of density balancer patterns provides good image
contrast, improves lithographic print capability, and causes
isolated trench 224 to be lithographically printable. Density
balancer patterns 242 and 244 can be, for example, substan-
tially the same length and width as trench 224. By positioning
density balancer patterns 242 and 244 to at least partially
overlap trench patterns 222 and 226, the additional space used
by the density balancer patterns on the semiconductor sub-
strate is minimized. After decomposing pattern 220 into two
patterns 238 and 240, two masks are generated. The first mask
implements pattern 238 and the second mask implements
pattern 240 including isolated trench 224 and density bal-
ancer patterns 242 and 244. The two masks are employedina
litho-etch, litho-etch process as described above to etch a
trench pattern 246 in the process layer. Trench pattern 246
includes trenches 224 and two additional trenches 264 and
266 that are enlarged trenches corresponding to originally
determined trenches 222, 226, respectively, as required for
the IC being fabricated.

In accordance with one embodiment, the photoresist layers
described above are exposed using deep ultra violet (deep
UV) radiation that passes through the lithographic masks that
carry the decomposed patterns. In accordance with another
embodiment, the exposed photoresist layers described above
are developed with a negative tone developer which has
proved advantageous for developing narrow openings. The
negative tone developer process differs from the positive tone
developer process because deprotected (that is, exposed)
resist polymer is used as the etch block in negative tone,
versus unexposed resist for positive tone. The negative tone
developer process provides critical dimension uniformity and
better pattern fidelity. At small feature size and smaller printer
variation budget, the negative tone developer process pro-
vides a better printing solution to layers with narrow trenches
or arrays of contact holes.

While at least one exemplary embodiment has been pre-
sented in the foregoing detailed description, it should be
appreciated that a vast number of variations exist. It should
also be appreciated that the exemplary embodiments are only
examples, and are not intended to limit the scope, applicabil-
ity, or configuration of the disclosure in any way. Rather, the
foregoing detailed description will provide those skilled in
the art with a convenient road map for implementing the
exemplary embodiments. It should be understood that various
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changes can be made in the function and arrangement of
elements without departing from the scope of the disclosure
as set forth in the appended claims and the legal equivalents
thereof.

What is claimed is:

1. A method for fabricating a semiconductor integrated
circuit comprising:

providing a semiconductor substrate with an overlying pro-

cess layer;

determining a required trench pattern to be etched into the

process layer, wherein the required trench pattern com-
prises three or more trenches;

decomposing the required trench pattern into a first pattern

and a second pattern, the second pattern including an
isolated trench positioned between trenches of the first
pattern and further including a plurality of density bal-
ancer patterns symmetrically positioned with respect to
the isolated trench, wherein the isolated trench is a por-
tion of the required trench pattern and the plurality of
density balancer patterns correspond to a plurality of
dummy features different than the required trench pat-
tern;

generating a first lithographic mask implementing the first

pattern and a second lithographic mask implementing
the second pattern including the isolated trench and the
density balancer patterns;

patterning a first resist layer overlying the process layer

with the first lithographic mask and etching the process
layer with the patterned first resist layer as an etch mask;
and

patterning a second resist layer overlying the process layer

with the second lithographic mask and etching the pro-
cess layer with the patterned second resist layer as an
etch mask to implement the isolated trench of the
required trench pattern in the process layer, wherein the
plurality of dummy features are produced in the process
layer from the plurality of density balancer patterns.

2. The method of claim 1 wherein determining a trench
pattern comprises determining a trench pattern comprising
three trenches, at least one of which has a width less than or
equal to about 40 nm and which is spaced from the other two
of'the three trenches by a space less than or equal to about 40
nm.

3. The method of claim 1 wherein decomposing the
required trench pattern into a second pattern comprises posi-
tioning first and second density balancer patterns in spaced
apart relationship to the isolated trench, the density balancer
patterns spaced apart from the isolated trench by a distance
greater than about 40 nm.

4. The method of claim 3 wherein positioning first and
second density balancer patterns comprises positioning first
and second density balancer patterns each having a length and
width substantially equal to the length and width of the iso-
lated trench.

5. The method of claim 1 wherein patterning the second
resist layer comprises exposing the second resist layer to deep
ultra violet radiation passing through the second lithographic
mask.

6. The method of claim 1 wherein patterning the second
resist layer comprises developing the second resist layer with
a negative tone developer.

7. The method of claim 1 wherein etching the process layer
with the patterned second resist layer as an etch mask com-
prises etching the plurality of density balancer patterns into
the process layer as dummy patterns, wherein the dummy
patterns are separate from the required trench pattern.
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8. The method of claim 1 wherein decomposing the
required trench pattern into a second pattern comprises posi-
tioning first and second density balancer patterns in spaced
apart relationship to the isolated trench and at least partially
overlapping the first pattern.

9. A method for fabricating a semiconductor integrated
circuit comprising:

providing a semiconductor substrate with an overlying pro-

cess layer;

determining a trench pattern to be etched into the process

layer, the trench pattern including an isolated trench;
forming a lithographic mask implementing the trench pat-
tern and further including first and second density bal-
ancer patterns symmetrically positioned with respect to
the isolated trench, wherein the first and second density
balancer patterns correspond to dummy features;
applying a resist layer overlying the process layer;
patterning the resist layer with the lithographic mask; and
etching the process layer using the patterned resist layer as
an etch mask, wherein etching the process layer com-
prises etching the dummy features.

10. The method of claim 9 wherein forming a lithographic
mask comprises positioning the first and second density bal-
ancer patterns at a distance greater than or equal to about 40
nm from the isolated trench.

11. The method of claim 9 wherein patterning the resist
layer comprises:

exposing the resist layer to radiation passing through the

lithographic mask; and

developing the resist with a negative tone developer.

12. The method of claim 9 wherein forming a lithographic
mask comprises forming a lithographic mask wherein the
isolated trench has a length and a width and wherein the first
and second density developer patterns have a length and
width substantially the same as the isolated trench.

13. The method of claim 12 wherein forming a lithographic
mask comprises forming a lithographic mask having an iso-
lated trench with a width less than about 40 nm.

14. A method for fabricating a semiconductor integrated
circuit comprising:

providing a process layer overlying a semiconductor sub-

strate;

determining a trench pattern to be etched into the process

layer as required for the semiconductor integrated cir-
cuit being fabricated;

decomposing the trench pattern into a first pattern of litho-

graphically printable features and a second pattern of
lithographically unprintable features including an iso-
lated trench, wherein the isolated trench is positioned
between lithographically printable features of the first
pattern;

converting the lithographically unprintable features to

lithographically printable features by adding density
balancer patterns to the second pattern in spaced apart
symmetric relationship to the isolated trench to form a
converted second pattern, wherein the density balancer
patterns correspond to dummy features; and

etching the first pattern and the converted second pattern

into the process layer, wherein etching the converted
second pattern comprises etching the dummy features
into the process layer.

15. The method of claim 14 further comprising:

forming a first mask implementing the first pattern; and

forming a second mask implementing the converted sec-

ond pattern.

16. The method of claim 15 wherein etching the first pat-
tern and the converted second pattern comprises using a first
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litho-etch process to etch the first pattern into the process
layer and a second litho-etch process to etch the second pat-
tern into the process layer.
17. The method of claim 16 wherein using a second litho-
etch process comprises:
applying a layer of resist material overlying the process
layer;
selectively exposing the layer of resist material to radiation
passing through the second mask;
developing the layer of selectively exposed resist material
with a negative tone developer; and
etching the process layer using the developed layer of resist
material as an etch mask.
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